Optlmal Performance
| from Center Pivot
-'Sprmkler Systems

Bradley A ng and Denms C chald

_ A good supply of groundwater and the’ commermal devetop- o
. .ment of center pwot irrigation systems S|gn|f|cantly mcreased _ _
__spnnkler- rngated acreage in southern Idaho during the late 19603 _-'. o
and early 1970s. Today, center pwot systems with their automatlon
o Iarge areal coverage rehablllty, hlgh apphcatlon unlformlty, and: - -
o abrllty to operate on relatavely rough lopography. are replacmg o
- :'-_':_"surface, handllne and wheelline systems. : s
-~ The irigated area under a cénter pivot system expands - .
s:.lbstantlallyr W|th |ncreasmg system Iength To accommodate the _
lmcreased area, the apphcatlon rate increases Ilnear!y along the -
o _center pivot lateral through one of two methods mcreased flow =
‘rates through equally spaced sprmkters or gradually decreased.
.spacrng of equal -flow’ sprmklers along the center pivot 1ateral The
S most common approach is 1o have equally spaced sprmklers with - _
L rncreasmg flow rates (nozzle srzes) anng the center pwot Iateral .
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High-Pressure Sprinklers

In the 1960s, center pivot irrigation systems had standard
high-pressure (greater than 50 pounds per square inch) impact
sprinklers. These sprinkler packages provided good application
uniformity when the system nozzles were properly sized and
pressure variation along the lateral was within recommended limits.
However, losses from wind drift and evaporation under the dry,
windy conditions often encountered in arid and semi-arid environ-
‘ments were excessive. The sprinkler irrigation industry addressed .
this problem by developing low angle and low pressure (25 to 40
pounds per square inch) impact sprinklers. These effectively
reduced wind drift and evaporation losses, but flow rate variation
caused by undulating topography continued to be a significant
' problem. In the mid 1970s, flow control sprinkler nozzles and fixed-
pressure regulaters were developed. They reduce the flow rate
variation due 1o topography to within tolerable limits. As a result,
reduced-pressure impact sprinklers could be used on center pivots.

Low-Pressure Spray Sprinklers

In the mid 1970s, escalating energy costs made the high
energy requirement of impact sprinklers a major concern among
producers. The sprinkler irrigation industry responded by develop-
ing low-pressure spray sprinklers (less than 30 pounds per square
inch}) for center pivots. These have a fixed-head and a part or full-
circle application pattern. A deflection plate creates spray by
deflecting the water jet exiting the nozzle. The deflection plate can
be smooth or grocved with a concave, convex, or flat shapé. Water
leaves the smooth plates as a mist-like spray and leaves grooved
plates as tiny streamlets. The sprinklers are either mounted upright
on the top of the lateral or mounted upsidedown on drop tubes or
booms that extend below the lateral. On undulating topography,
pressure regulators are required to minimize flow rate variations
and are commonly used to minimize the influence of pressure loss .
along the lateral.’ ' :

Spray sprinklers have a smaller wetted area than impact
“sprinklers and require closer sprinkler spacing. The smaller wetted
“area greatly increases application rates along the center pivot

system. This can intensify runoff probiems, particularly on loam and
silt-loam soils. Various types of sprinkler booms have been devel-
oped to reduce application rates by increasing the wetted area
under the center pivot lateral. Today, the most popular type is an
offset boom with a horizontal length of 10 to 20 feet perpendicular
to the center pivot lateral. These ofiset booms are common!y_ used
on the outer one-half to one-third of a center pivot lateral,



Flecently developed movrng plate spray sprlnklers also o
- decrease appltcatlon rates by tncreasrng wetted area, These
_sprmklers, such as Rotators, Splnners and Wobblers reduce .
the number of water stréamlets whlch increasing drop stze and
* water throw distance. At the same time, they’ maintain good '
"'applrcatton unltormrty Moving- plate spray sprmklers combmed-'
~with offset booms along the outer spans of the center pwot
provrde etfrcrent |mgat|on : -

LEPA Systems

In the early 1980s, a’low. pressure applrcatton package for
center plvot systems known as LEPA (l.ow Energy Precrsron
: Appltcatlon) was developed for the southern plains- states ALEPA
package has very- Iow-pressure (6to 10 pounds per square inch)
bubblers or furrow drag socks suspended on drop tubes at a height.
" of 110 3 feet above the soil surface Crop rows are planted to foliow -
the circular path of the center plvot system, and alternate furrows
are wetted. LEPA systems have characterlstlcally hrgh application
" ‘rates that usually exceed the water rnflltratlon rate. Basin tlllage is
required to provide soil- surl'ace storage untit the water infiltrates.
Some LEFA appllcators can ‘be converted to spray heads having.
wetted areas on the order of 10'to 25 feet i in diameter. These have :
good spnnkler pattern overlap and apply water uniformiy. \ When
used in the crop canopy, the heads are usually spaced to match
alternate crop rows. ' : : :

Irngatlon applrcattcn efficiencies ot 90 to 95 percent have .
' been measured using LEPA sprinkler packages This etfrcrency is
the result of reduced evaporation. By locating the appllcators wrthtn
the crop canopy and near the soil surface the amount of wetted

soil and wetted plant surface area is mrnrmrzed Wind drift and

spray evaporauon are also ellmlnated However their high appltca- o
tion rates and their limited clearance of the appllcators make the
LEPA packages uns urtable for slopes They can not be transterred
directly to the ag rtcultural productton systems of ldaho where ‘
undulatlng topography is common. One study in idaho on a sift
loam soil with 1 pe rcent slope that compared a LEPA sprlnkler _
package against low—p ressure sprrnklers mounted on offset booms :
found no srgmfrcant difference in crop yield. The increase-in appli- -
cation efficiency ot the LE PA system was oﬁset by mcreased runoh‘ .-
(Klncald 1994) - ' s
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Application Rate
The main disadvantageﬂ of center pivot irrigation systeme is the

high water application rates under their outer spans. Since sprinkler
flow rate increases linearly along the system lateral, application '
rates at the outer end also increase with the length of the system,
Application rates under the outer spans of the standard quarter-
mile-long !ow—pressure center pivot normally exceed infiftration rate '
and result in runoff, Runoff, the lateral redistribution of applied _
water, causes areas of excessive' end deficient soil water content in -
the field, reducing crop yield and quality in these regions. The
potential for localized chemical leaching from the’ crop root zone
also increases in places where runoff collects. Soil-surface water
storage in small, natural depressions decreases the actual volume
of runoft. Surface storage can be enhanced by tillage practlces
such as basin or reservoir tillage.

~Infiltration rate, which determines the potenual for runoff is
dynamic. Infiltration rate decreases during irrigation (figure 1}. The
initial soil water content also affects the infiltration rate; an increase
in the initial soil water content decreases_ the infiltration rate. In -
addition, infiltration rates normally decrease over the season due to
soil-surface sealing from sprinkler droplet i_mpect.'As a result, in row
crops such as potatoes, runoff may increase throughout the season.
Decreasing infiltration rates combined with high water application
rates make runoff a near certainty for standard quarter-mile-long
center pivots on all but sandy soils. Optimal center pivot system
performance requires the use of both proper sprihkler packages to
minimize water appllcallon rates and basin or reservoir tillage to -
minimize runoff

Infiltrarion Rate
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Figure 1.
Graphical representtation of
- how water application rates
under a center pivot exceed
“infiltrationt rate, Poteritial
runioff is represented by the
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Typlcal relallve waler appllcatlon rate patterns for. vanous o
'center plvol spnnk!er packages are shown in frgure 2. Hrgh pressure
'rmpact spnnklers have the Iowest applrcatron rates followed by 1ow-
: pressure rmpact spnnklers Low-pressure spray sprrnkler packages
hsted from Iowest appllcanon rate to hrghest are offset’ booms with
“rotators, offset booms W|th sprays, drop tubes wrth rotalors drop
~ tubes with sprays, and in- canopy sprays.. ) C
' The peak apphcatlon rate along the oUter spans of a standard
quarter-mlle Iong center pivot system for aII the sprmkler packages
~ exceeds the |nf|nrat|on rate of most sods Booms are an effective

"means for mcreasmg sprlnkler wetted area whlle decreasrng water
; 'apphcatlon rate, Slnce application rates are Iower nearer the center '
plvot point, booms are usually only used on the outer one-half to
one -third of a quarle r-mlle Iong cenler pnrot system . :
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Low-Pressure Sprinkler Patterns

Fora tow—pressure'-center pivot sprinkler paekage, the shape of
the application rate pattern is detinecl by pressure, nozzle size, plate
configuration, sprinkler height, and wind speed. Sprinkler application
rate pattern and spacing determine application uniformity.. -

_‘Pressure and nozzle size

Pressure and nozzle size control the drop size dtstrlbutlon from

-a sprinkler and drop size influences the application rate pattern,

Higher pressure creates smaller drops while bigger nozzles produce .
larger drops. Drop size alsg influences the trajectory of a given '
sprinkler droplet. When initial velocities are equal, large droplets will
travel farther from the sprinkler than small droplets. Consequently, -
high pressure o small nozzle sizes, whichtend to produce smaller
droplets, increase application rates near the sprinkler while low '

~pressure or large nozzle sizes, which tend to produce larger drop-
: Iets increase application rates farther from the spnnkler

Obtaining suitable application rate patterns is dependent on :
following the manufacturer’s nozzle size and pressure range recom-
mendations, However, donut application rate patterns may be.
accentuated at the lq’west recommended pressure, reducing appli- .
cation uniformity, At the 'highest pressure recemme'ndatien, droplet -
size is smaller, and wind drift losses will increase, The best results
are often tound near the mtddle of the manufacturers recommended
pressure range

Deflection plate conflguratlon

- Sprinkler deflection plate configuration has a large effect on the
sprinkler application rate pattern. In general; smooth deflection plates
produce small drop 5|zes which are highly susceptible to wind drift
losses, except at lower pressures (1010 15 pounds per square mch)

- Serrated deflection plates have many small grooves and are used with

fixed-plate sprinklers, Grooved deflection plates have four to six large

grooves and are used on moving-plate sprinklers.

Moving-plate sprinklers are the most common type in ldaho.,

They maximize wetted sprinkler area while minimizing operating

pressure. The application rate pattern depends on the number of
grooves, trajectory angle, and speed of motion. The number of
grooves in the plates affects the drop size distribution. Fewer '
grooves produce larger streamiets and larger drop sizes, which -
travel farther from the sprlnkler and maximize wetted area. Within
limits, greater trajectory angles produce more uniform application
rate patterns. The primary dlsadvantage of higher trajectory angles

is a greater susceptibility to wind drift. Lowerlng the sprlnkler
. elevation will reduce wind drift. :

The effect of plate contlguratlon and motion on sprinkler
appllcatlon rate pattern is shown in flgures 3 through 7. ‘
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Application rate pattern from .

a 4-groove rotating-plate
spray sprinkler with an 8°

. trajectory ang!e.
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A 4 -groove plate wnh an 8 degree lrajeclory (ﬁgure 3}

produces a concentrated apphcatton of water near the outer. .
‘spans of the wetted paﬂern ‘creating a donut -shaped apphcahon
rate pattern The apphcahon rate pattern for the same sprinkler
with a 6-groove plate anda 12 degree tra;ectory angle (flgure 4)
'creates smaller droplel sizes and increases water application

" near the spnnkler The smaller droplet sizes combmed with :he
higher trajectory angle reduce the wetted area shghily The

_ donut-shaped application rate pattern remains but to
a lesser degree because a larger percentage
. of the_ water is applied near the sprinkler.  ~
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Figure 5. R

~Application rate pattérn froin - C

.. & 6-groove spinning-plate ~ ©
_sprinkler with a 12°

) rm}ecrory_ angle.
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' _ The appl!canon rate paﬂem fora!ast rotatmg p]ate (splnner) wﬂh
6 grooves and 12 degree lra;eclory angle is shown in figure 5. The
faster rotatlon of 1he plate provides a more unlform application rate -
' pattern of elliptical’ shape with the hlghest appllcatlon rate near the -
sprlnkler The application rate pattern-for the same sprmkler with a 20.
- '_degree trajeclory angle is shown in flgure 6. The greater trajectory
angle shghtly increases the wetted area of the sprmkler, reducmg lhe :
. appllcatlon rate near the sprmkler - '
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Figure 6.
Application rate .
pattern from a 6- o
groove spinhing-plate. -.
spray sprinkler with a

20° trajectory angle.




. Figure 7. - .
. Application rate pattern from

spray sprinkler with a 15%
© trajectory angle.

a 9-groove wobbling-plate. - -~
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The application rate pattern from a wobblrng p!ate type sprln- o

' Kler having 9 grooves and a 15-—degree tra]ectory angle is shown in
'frgure 7 ‘This application rate pattern resembles a truncated cone

with an additional ell:ptncal shaped peak near the spnnkler The :

' 'applrcaﬂon rate pattern is very unrform except near the sprmkler _
For donul shaped apphcatron rate patterns such as those

| rllustrated in f:gures 3 and 4, the cumulative applrcatron rate pattem.

produced by multiple sprrnkler overlap is reasonably uniform. . This,

~ combined with the effect of averaging lhe cumulatl\re applrcatlon
rate pattern as a cenler plvol passes over a pornl on the 50|l sur-

face, provides. excellent appltcahon unlformlty Apphcatron rateé

) 'patterns that are ‘more uniform in-shape, such as those in figures 6 X
and 7, provrde excellent appllcallon uniformity wrth less sprlnkler L

overlap However, the mdwudual spnnkler welled areas are usually

smaller so the requrred sprmkler spacrng is about the same as that N

.of spnnklers W|th larger donut shaped apphcatron rate patterns



' Sprlnkler helght L SRR
" Sprinkler helght mfluences 1he size of the spnnkler wetted area
'. and wind drlﬂ losses. Increasang sprlnkler herght mcreases sprlnklar '
wetted area sllghtly wrth no 5|gn|f|cant effect-over the practlcal
'helghts of 610 10 feet, Spnnkler helghts greater than 6 feet on shon g
'_ crops (he|ght Iess than 3 feet) do not mgmﬂcanlly 1ncrease appllca- :: :
tion unrformlty However spnnkler helghts less than 6 feel S|gn|f' -
cantly decrease applrcatlon unlformlty, partlcularly for. sprmklers
hawng deflection plates wuth low trajectory angles Wrth taller crops, .
' the optlmal sprinkler height is the maximur canopy height, -
Sprlnkler henghts greater than 6 feel srgmflcantly mcrease
-"spray losses due to wmd drift and evaporatlon Spray losses aver—
age about 3 and 5 percent for sprlnkler helghts of 3 and 6 feet;
"respectlvely Spray Iosses mcrease t0 10 percent for sprmklers
'(spray and |mpacts) mounted on the top of the center pivotat’
herghls of 1210 15 feet Spray losses can double as wind speed
'|ncreases from 0 to 5 miles’ per. hour to 5 to 10 mlles per hour For
short crops; spnnkler helghts near & feel provrde good apphcatlon )
'_umformrty whlle malntamlng reasonable spray Iosses -

Wmd speed SR L : D
' 'Wind distorts the apphcatlon rate pattern from spray spnnklers .
and affects apphcatlon umformlty The effects of: wlnd on the appllca--_
tion rate patterns for a Spmner and a Wobbler type spray sprinkler ’
"Iare deplcted i flgures 8 and 9, respectlvely Comparmg these
_patterns with those of flgures 6.and 7 for the same sprinklers under
lower wind. speeds reveals that the apphcatlon rate parlerns are
Iargely shrﬂed downwmd Dlslortlon of the app!rcatlon rate pattern |s
: mosl pronounced near the spnnkler where the sma!fest droplets '
-oceur. Computer mmulatron of composne wind-affected appllcatlon
rate patte s under a.center plvot lndlcates that app!rcatron umfor-
mity is not srgmflcantly reduced for wmd speeds up to 10. miles per X
hour. This favorable result is !argely dué lo the mulnple sprmkler R
"overlap requrred to obtaln good umformlty w:th Iow-pressure spnn-.
_klers and to llmltmg sprlnkler helght to about 6 feet '
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_Sprmkler Droplet Klnettc Energy

Many soils, partlcutarly those contalnlng slgmfrcant silt: frac-
tions, are susceptlbfe to soil- surface seallng from spnnkler droplet
'umpact The force of the droplets hlttlng the ground breaks down the
' surface soil structure formmg a thin compacted Iayer that greatty
_'reduces mfr!tratlon rate The appllcatlon rate and the ktnetlc energy
of spnnkler droplets at rmpact are the major factors affectlng sorl-- '
_ 'surface seal formatlon The |nf|Itrat|on rate reduction is a functlon of
: '\ _'the partrcular sorl and the energy flux densny Energy flux densrty
g comblnes the. effecls of sprmkter droplet kmettc energy and. water
: '_appllcatlon rate into a smgle parameter that IS expressed as power
per unit area (feet pounds per mmute per square foot or watls per
'square meter) It corre!ates very wel[ wlth mfrftratton rate. _'
A S : . The relatlonshlp be-
EnergY flux densit}' {W/ m‘) Low tween energy flux densrly
: ';.and depth of infiltration prror

%0 91 -22- 03 : 0t 05 ?l_‘s_mo'_lf - '8_ _ '-09146. T to runoffislllustrated |nf|gure

N _ Asmm,ﬂ R . PRERE S E o _"-'10 fortwo drfferent soils ~ }'.
‘ Est Qleam - . o kyop E © ‘under dty, bare condrtlons .
N T [ S E "Thesrltloamsorlrsvery
.'E. 49 | o B E o S b E, suscepttbleto soil- sun‘ace
= R ' 0. B -._sealmg The intiltration depth
1;‘ - [80 -S-« o '_pnor to pondrng decreases.
é o '_'66_ _ % _very fapidly with a minimal -
é' R -1 ‘increase in energy flux: B
g 7 Lao E - g densrty The Ioam soil is, Iess
fz‘ R § oo susceptrble to so:l-surface
é L - _'20._.. i-é.__:' _seahng. but the depth of. -
3 - I R AP 3 '_‘|nf|1trat|on priorto runoff stlll
0 —— — —; 0 _decreases srgnrfrcantly ds- .
00 05 10 15T 20 ‘25 30 B __'energy flux density i incréases.
Energy f]ux densny (ft lb/min/fl’) L . .. . “The effect of spnnkter '
Figure 10, e L dr0plet impact'on the’ mflltra- '
- Inftltration rate reduction by llon rate of a partlcular sorl must be measured 1o devetop a quantlta-
_ energy denslty fluxof S tive relatronshrp srmllar to that of flgure 10. Thrs is. dlfflcult because
J:}:'*;Lg:ﬁg‘f:jﬁ;,ﬁpmn © oo " the results depend on soil surface condrtaons, soil structure, and sorl
and James (1985} and I o '.water content However, the general trend shown in flgure 1010s -J :

Mohammed and Kohl (1987, Lo
ana e 4 S appllcable 1o any soil and useful m the selectlon of spnnkters for a

.- .center pivot rrrtgatlon system T
o Studtes of runoff under center prvot |rr|gatron systems mdlcate
T that soﬂ-surface seallng contmues to develop wrth each addltlonal
. |rngat|on The only way to recover from soﬂ-surface seal formatlon ts
B o physrcally destroy it-with’ a tlllage Operatton The best approach
oofor lrmltlng sorl—surface seaf formatlon is fo protect the soil su rface .
T ."_'-through residue management and to exclude water app!rcatlon from
ok bare soll condltrons. o e 2




When water appllcatlons must be made-on bare soils, the

energy flux density should be reduced to delay lormatnon of the soil- -

surface seal. This can be accompllshed by elther using sprlnklers :

with reduced droplet kinetic energy, reducmg appllcatton rate, or

- both. Reducing the appllcatlon rafe is easiest and ¢an be done by
renozzllng the, center pwot system fo. reduce flow rate The apphca-

tion rate under a center pl\rot is :ndependent of syslem speed so ’

' adjushng the system speed does not aﬁect formatlon of a soﬂ- '

__surtaceseal,-_ S T T
" The kinetic energy of a spnnkler droplet depends on droplet

size (mass) and velocity at |mpact wrth the soil surface. Droplet

~ velocity-is also a function of drop size. Drop size distribution rs
‘determined by sprlnkler nozzle 5|ze, pressure, and deﬂectlon o

' plate configuration.- - : T -

Figure 11 shows the klnetlc energy per unlt volume of water

applied (foot- pounds per cubic fool or joules per kllogram) Versus -

" the drmensronless ratio (fft, rnfm) of nozzle size to pressure head

‘for several types of sprinklers. Droplet kmetlc energy is hlghesl for. -

'_spnnklers producing the largest drop sizes, such as slandard
impact sprinklers and rotator type spnnklers havmg deflectron
plates with few grooves j - :

' Droplet kinetic energy |s_the

lowest for sprinklers produc-

ing.sr_nall drop sizes suchas~ "'500--_' 25 '
t.hose'usingfixed;prays"with N 4 9 1
_flat or serrated plates.There T g 400~ ' o r "
is little difference in droplet’, i - D
_ kl’ne'tic energy between the . of. .
various spray sprinklers, : g 300 ".'.15-
except for the 4-groove o L
rotating- plate spririkler. Overall : § ' édOs - 1. Large nozzie Iin";'-g:g" L 40
droplet kinetic energy varies -g " 3. gg;-';g.rf_zsrlg c;‘r’fépggm
only by a factor of three &Cross = 3 5.LDN 1
T E - 1004 - 6. Rotator, s—groove plate |
all sprlnklel’ types _ _ 7. Spinner, 8-groove plate [ .
Despite this Ilmited range._ : "_-r . - _ S;_‘,i‘,’fggﬂ.a,e serrated | G
_indroplet kineticenergy, & . g SR 'iw; '.:f"ed"p'a‘?_ 5“‘I°°‘h__ ds
* study of sugar beet emergence . 00 . 02 04 06 08 .10 _1'.2 4l

' comparing sprlnklers with 105
ft-Ib/ft® and 315 fi-lb/tt® of drop- let kinetic energy found a 13

' percenl increase in sugar beet emergence urider the spnnkler wrth"__' T

two thirds less droplet kinetic energy (Lehrsch et al.) .

‘Sprinkler selection does influence soll-surface seal formatlon. Ll

: Thrs not only affects infiltration rate, but has other agronomic -

:mpllcatlons such as soil’ erosron, water application effucrency, and '_ el

nutne nt dlstnbution in.the sorl protale

D/Hx1000.

Figure ll. .

S_prink!er dmplet kmetic

- enetgy for variods sprinkler
types as d function of the

© dimensionless ratioof
spnnkler riozzle dfamerer to

" sprinkler pressure heed:

- Droplet kinetic energy (J/kg) -~ - -

- ‘Adapred fmm Kincaid (1995)



_Optunal Sprmkler Package Selectlon
and Installation

Sprtnkler selecilon and msiallatlon have a S|gn|f|cant eﬁect on
_ lhe performance ofa cenler plvol 1rngatlon system Both appltcatlon
. rate relative to infiltration rate and the suscephblllty of the soil to : -
. surface sealmg need to be con5|dered in the syslem demgn The
appllcatlcn rate of Iow -pressure spray sprmklers can be reduced by
using offset booms on alternate sides of the center pivot lateral, On.
soils with extremely low mflltratlon rates or w1th a high susceptibility
- _ to soil- surface sealing, offset booms on both sides of the center -
: p:vol lateral can be used at each sprlnkler outiet to further reduce B
_ \appllcatlon rate. The eﬁecllveness of offset booms for reduolng
applacatlon rate is shown in flgures 12 13, and 14, .
The composﬂe appllcatlon rate for 6- groove rotatlng plate
o sprlnklers on drop tubes is shownin f|gure 12, ' .
" Figure 13 shows. thé composne appllcatlon rate under the
same sprlnkler condmons with offset booms on alternate sides of
- the center pivot lateral. The average appllcanon raie is reduced
- about 30 percent by offset booms. ¢ I -
“The composne application rate wnlh lwo ofl‘set booms at each-
' spnnk!er locallon and each sprinkler nozzle prov:dmg one- half lhe ;
- flow rate is shown | in flgure 14, The applloallon rate is reduced 5 a
~ percent compared to 1he smgle offset boom. The ma]or advantage "
of the double offset boom is that it uses smaller nozzles, )whuch
reduces the klnetlc energy of the dioplets.” ™ e
Table 1 lists lhe average ‘and hlghesl 10 percenl appllcallon _
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' _ Flgure 14 .
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. pattern under a cénter pivet - .
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Table P :
. Appltcarion ratés and appltcarion mte reductwn provfded by offser booms of vanous
o lengths w:th a It‘}foot sprmkler spacing cmd ﬂow rate of ]0 gal!ons per mmute.

S T . Applrcatlon rate e
" Offset. - _pphcatlon rate = -reduction " - Applu:anon i
. d;stanoe . Average High 10% Averege High 10% umtormrty.'"-.

o lmfhrt g (o) (%)

)

serrated -

" Rotator” .. - |

. Wobbler. o A2 241 L 100"
... Jowangle: U0 1AL 227 -0 78 84 100
T e, 1000 18k 7007 80 100« ‘

20 060 RVt ‘64 58 _-':"_-'10_0 .

Table 1 Ilsts the average and hlghest 10 percent apphcatron»
- rates for varlous types of spray spnnklers on-offset booms mstalled '
- "on alternate sldes oi a center pivot lateral The same mformahon for Ty
- two offset booms i is Irsted |n table 2: The exact appllcatlon rates will
- change with sprinkler flow rate, but the relative'reductions will -. <
remain nearly the same Oﬁset booms are relatively mexpenslve
- -and very effectlve in reducmg the appllcahon rate,. T T -
. Smce the applfcatton rate under low pressure spray sprmklers _
. can \be. ‘minimized by usmg offset booms, spnnkler selection should "
L be based on drop size dlstrlbutlon Small drop sizes have the Ieast
' droplet krnetlc energy but are the most susceptlble to wind dnft

B losses. Large, drop sizes have the hlghest droplet kinetic i energy but -

" __are the least susceptlble to wind. drift losses Spnnkler‘s that provrde

& compromlse between these two extremes are best Most movmg- ;

'_ _'plate sprrnklers have medlum drop sizes and maxlmum wetted area. e

_Because they all have about the same droplet klnetlc energy, the _

fi nal selection of the’ brand rests on personal preterenoe R

_ The sugmfrcant dlfferences inthe' application rate patterns of
. .the varlous movrng plate sprmklers mfluence the spacing of the
' _;sprmkler heads (table 3) Fixed-plate spray Spnnklers with their

o

o smaIIer wetted aréa requrre closer spacrng than the movmg plate ¢ "

N _- | spray spnnklers. Wobbler type spnnkiers W|th thelr more unitorrn S
L .'--applicatron rate pattern a!low for Iarger spaclng L

.oh e e



' Table 2.
Application rates and redncrfon provrded by doubfe offset booms of various Ien.gths
wrth a m-foot spnnkler spacmg and ﬂow rate of 5 gallons per mmure_

- : _ Appl’cation rate o
o .Qﬂset_ Apphcatlon rate - Reduction .~ Appl_ica!ion';_
Sprinklef -~~~ distance - . Average High 10% Average Hrgh 10% ‘uniformity
type - . . () (ivhr) . - {inhr) (%) - (%) - (%)

Fixed-plate. -
serrated .

Hotator : 180 33,
~ &-groove 19 7138 - 2.5 -

a R =y
4
g

Wobbler -

‘Jow angle 10 147 218 75, 98
_ 15 . 102 180 - 66 o e8
20 084 133 98-

61 -

Pressure also has a srgnlflcant effeot on the requrred spaorng
ngher pressure allows wider spacing because of the resultmg
smoother application rate pattern and sllght increase in the wetted
area. Wlth most spray sprrnklers Iow pressure produces a donut~

' shaped applrcatlon rate. pattem Asa result closer spacing'is
needed in order to marntaln apphcatlon umformlty Due to the h:gh
flow rates requ:red on the outer pomon of center plvots, Iarge
~spacings require large hiozzle sizes, WhICh may result in excesswely
large drops, parllculaﬂy at low pressures SR S
.I . Center pivot sprmkler outlets are norma!ly spaced about 8 to _
10 feet apart. This spacing is adequate for all‘but fixed- -plate- spray
sprrnklers and rotators at 10 pounds per square moh Since every
* sprinkler outlet is normally used along the outer half of a standard
" quarter-mile-long center pivot, all the movmg pIale type spray
'spnnklers provrde good applrcatron uniformity. The difference
'between sprrnklers occurs when spacmg exceeds 10 feet, such as

_along the inner portlon of the center pivot where altemale sprlnkler-’- : o
“outléts’ are commonly used and ﬂow rates are sma!l There may be

'a slight increase in applrcatron unlformrty with. sprmklers that allow
larger spacings. The actual appllcation unrformity under freld condi-'
tions will likely. be less than 95 peroent due to wind effects and

_actual spnnkler height. In genera! all movmg plate type sprinklers

- provide good applrcatlon unrformrty wrth spacrngs normally encoun-
' -tered on center pivots. :

L Table 3" :
. Recommended maximum sprfnkler

spacings for low pressure spray spn'.nklers B

| ata ﬁ-footherght

Sprinkler o Pressure {psl! L
type - 0 10 15 20 30 .
Fixedplate " © . 6 .8 8 40.. -
‘.-Hotatord-growe 8 10742 14 7
Rotator6-groove . . . B .10 12 .14

~ SpirinerB-groove. .- B 10, 12 14 -
. Wobbler low angle-- A2-14 1416 -
Wobble high angle 14 16: 16 - 187



"I‘ahledl
A.dvama,ges and dlsadvanrages of spmy spnnkler deﬂecrion plare feamres and spnn!der mounnng

Feature " - - e Advantagas L Disadvantages '

" Deflection plate t’:qnﬂgurstlon T ' L T
- - Fixed-plate, smooth- - . Minimum dropiet kir_}_etic'energy_ . High appl:cahun rate hlgh Wlnd
o R . drift losg, close spnnklarspacmg
ST T e T reguired for hlgh apphcatmn_ o
St e . . ) un"ofmny

Fixed-plate, serrated .- Low droplet kinetic énergy - ngh appllcaﬂon rale. high wind
LT e s el T hiift loss; closespﬂnklerspacmg
T e e required for high appﬂcation .
SN R I unlformﬂy T
Moving-plate, 4-groove -~ Lowest ‘avetage application rate, Hughest droplet knnetlc energy
TR Iowwinddnﬂloss,Iargerspnnkier PR PR
o T T spaclngallowablq P _‘ s '. G

Mowng Plate.ﬁgroove& Low average applicatlon rate low - Mpdarété'dfoﬁlét k'!nétiééﬁérby S
9-9roove ST wind diift loss, Iergersprmklsr e e T e s e
Lo e .spacing allowable

_ Tra]ecloryanglo T '_ S T A

Less than 15 degreeS‘ _ '.Ft_educec'i;wind driﬂ‘loss;_:’.\ L Donut appllcatlon rate. pattern _
. . . oL R . requifing closer sprinkler spacing 16’

- malntam hlgh appllcatlon unlformity

Mare thar 15 deégrees Moré unlfon’n appllcatlon rate _ lncreased wlnd drlﬂ Ioss
S o e 7 . pattam allowing iargerspnnkler v
e spacmg T e T
‘Mounting configuration ~ -~ e I
Overhead . . + =~ . "Low cost hngher unﬁormny wnth Highwind drift loss - = -
S : largerspnnklerspacing B S
Reduced wind drift loss ; .- Iricreased cost, slightly increased.:
oo ST e apphcatlon rete, spacing more -

.« . critical for hugh appllcahon
- unlformlty i _

Offsets .~ -' . Reducedapplicationrate "~ - Highoost

Dr.c_'Ps\'-.- S



‘Summary -

Center plvot spnnkter packages have changed slgmflcantly
since they were flrst lntroduced The orlglnal hrgh pressure lmpact

- sprlnklers have been large!y rep!aced by low-pressure’ spray spnn- -
klers. The current mcwng plate spray sprmklers, the result of years o

" of devetopment by the spnnkler andustry, minimize operating pres- -, : :
_sure while mcreasmg application umform:ty When properly selected RS

and installed, these spnnklers prowde an etf'clent center plvot
|mgat|on system o L e -
o n general lhere is very lmle dn‘ference in appllcatron unlformlty
and |rr|gatron eﬂ' iciency between the common Iow-pressure movmg- :
. plale spray sprinklers avaelable today The pnmary advantages and -

dlsadvantages of the varlous Iow-pressure spray spnnkler features are.

— listed in table 4. Oﬂset booms are. usually reqmred on the outer Spans

ofa center plvot to reduce apphcatuon rates to acceptable levels to-

' m:nlmlze runoff potentral especially on silt Ioam soils. 3 '
Scrls susceptlble to soil- surface seahng can be protected by

| reducmg appllcatlon rates and droplet kinetic energy via the use of - g . -
“two offset booms at each Spnnkleroutlet temporarlly renozzhng the L

spnnkler package to reduce the system flow rate, and managrng

residue through conservation tillage Practrces Even with the use of - . B

offset booms, appllcatlon fates from low pressure spray spnnklers -
exceed the mtrltration rate of most soils. Basin or reservour trllage b

- can mcrease surface storage and S|gn|f|cantly reduce actual runoff.

Low pressure spray spnnklers should be mstalled ata height
of about 6 feet for low growing, crops. ThIS he:ght marntams ‘good

| _appllcatlon ‘uniformity; limits: wind drift; and reduces droptet evapora;. |

_ tlon Iosses to acceptable levels LEPA packages should’ only be

used on near level lopography The increase in apphcatron eﬁrC|ency.~_ _:'-': e
of LEPA systems from reduced evaporatlve and. wind -drift Iosses is

easlly ‘overcome by increased runoft.on silt loam souls The in- .

creased cost of LEPA sprinkler packages relative to low pressure .'

. spnnkler packages and the additional effort needed to plant crop -
rows 1o follow the circular travel of the center pwot system are not
‘juistified by the marginal i increase in appllcation efficiency, -
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